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SVMM2ARY

This is Volume I of the report which presents a method devel-

oped by the contractor to predict six-component, captive store air-

loads for both single and multiple carriage configurations. Volume

I describes the experimental and correlation studies and discussesj
the approach used in developing the empirical method. Volume 1I of

the report provides a detailed manual to guide the user. The pre-

21 diction method was developed through an empirical correlation of a

large experimental data base. The data base was derived from two

general sources. The primary source was a test program in the AEDC

4T wind tunnel using parametric variations in store loadings on the

.05 scale A-7 and F-4 models as parent vehicles. A secondary and

complementary source resulted from an extensive survey of government

1 agencies and private contractors for pertinent captive store

airloads data.

The prediction method enables the user to calculate

captive store airloads for individual stores and to account for

variations in aircraft angle of attack, yaw, and adjacent store

interference. The ranges of Mach numbers, angles of attack,

3 i and aircraft yaw angles for which the method is applicable are

as follows.

Mach Number dere degrees

Single Carriage 0.5 - 2.0 -4 to +12 -8 to +8
Multiple Carriage 0.5 - 1.6 -4 to +12 -8 to +8 U

Limitations which should be imposed on the use of this

method were established largely by the data used in its derivation,

but the method appears sufficiently versatile to meet most preliminary ,
V, design requirements.
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PREFACE

This report was prepared under the sponsorship of the Air Force

Armament Laboratory, Armament Development and Test Center, Eglin Air

Force Base, Florida, under Contract Number F08635-73-C-0070 (Project No.

FY7621-72-2G001). The cognizant Air Force technical monitors on the

program were -essrs. Robert A. Hume, Jr. and Charlie D. Turner, Jr.

The vrork was performed by Vought Systems Division of LTV Aerospace

Corporation, P.O. Box 5907, Dallas, Texas 75222. Principal investigator

for this program was R. D. Gallagher. Principal technical personnel

were: A. R. Rudnicki, Jr., E. G. Waggoner, Jr., and C. T. Alexander.

This effort was conducted during the period from 8 January 1973 to
:11 30 June 1975.

This report consists of two volumes. Volume I, the technical summary,

describes the program and approach used to develop the prediction tech-

nique. Volume II, the user's mauual, consists of five books. This is

Volume I.

-' IThis technical report has been reviewed and is approved for publica-

tion.

2FOR THE COMMANDER
,U/IILIAM F. BRCKM4N, Colonel, USAF
Chief, Munitions Division
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SECTION I

INTRODUCTION

Determination of the aerodynamic forces and moments acting

on individual components of an aircraft is a part of the design pro-

cess to assure that adequate load-carrying structure is provided for

all design flight conditions. Accurate information on the aerodynamic

loads experieaced by external stores carried-on high performance air-

craft is an important factor. An early prediction of this store air-

loads is important to the design process of achieving aerodynamic

compatibility between the aircraft and stores. The flow environment

in which external stores are immersed is generally highly complex and

affected by many variables, e.g., flight conditions and physical

characteristics of the aircraft, store installation,- and adjacent

storest Successful prediction of quantitative data utilizing analy-

tical techniques has proven to be difficult, although some techniques

have been used successfully to predict qualitative trends. The strong

influence of viscous flow, particularly at transonic speeds with

multiple carriage store arrangements, has made current methods inade-

quate for many applications. The most reliable method by which the

engineer can provide store airloads continues to be through wind tun-

nel testing. This latter process is normally complex and expensive

1and too often provides airloads data Late in the design effort, after

many decisions influencing aircraft/store compatibility have already

been made.

A study program was conducted by the -contractor to develop

a generalized technique to predict aerodynamic loads acting on air-
borne external stores. Considering the relatively low effectiveness

and inherent limitations of present analytical methods, an experimen-

tal data correlation approach was selected for developing the predic-

tion technique that is rapid and easy to use, versatile in applica-

tion to various aircraft and store configurations, applicable to

maneuvering flight conditions at subsonic, transonic, and low super-

sonic speeds, and adequately accurate for store/store installation

design purposes.

1



The objectives of this program were accomplished in

two phases. The initial phase involved the collection, documen-

tation, and correlation of existing airloads data upon which to

initiate the technique development and preparations for wind

tunnel testing. The second phase of the program consisted of

conducting the wind tunnel test program to complete the required

supporting data, performing detailed data correlations, and

developing the final prediction technique.

This report describes the work performed and the results ob-

tained during all phases of the study program. The various sections de-

lineate specific tasks which were performed. Descriptions of both the

technical information survey and wind tunnel test planning and prepara-

tions are included. A discussion of the approach to the prediction

technique, including the dominant parameters, is also presented.

Finally, an assessment of the capabilities and nominal accuracies

that the method offers is discussed.

i'.
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SECTION II

TECHNICAL INFORMATION SURVEY

An extensive data survey was performed by the contrac-

tor to locate and acquire data and related information on

captive store and store installation airloads. Acquiring

these data was necessary to develop, correlations essential to

the prediction technique development and to provide guidelines

in planning the wind tunnel test program. Although data were

known to exist on numerous store types and store installations,

problems in acquiring useful airloads data were apparent. These

problems included:, the inter-industry and inter-service dis-

persion of data; the diverse origin of airloads data, i.e.,

j wind tunnel, inflight, and analytical; and the assorted approaches

used in measuring airloads, i.e., measured on the installed

stores, on the carriage rack or pylon, or on the total aircraft-

store combinations. The following paragraphs explain the

general survey approach, the organizations surveyed, the type

of data solicited, and the broad survey results.

2.1 SURVEY PROCEDURE

Early survey planning identified three primary avenues

by which the required technical data could be identified.

Selection of these avenues, which were chosen to encompass the

majority of data acquisition sources, also provided a built-in

cross-reference system which minimized the possibility of over-

looking pertinent data. Listed below are the primary approach

avenues followed:

* Airframe and weapon contractors and government

agencies

* Aircraft/weapon system program offices

* Technical literature surveys

A comprehensive stores data bank had been previously

compiled by the contractor largely through in-house efforts

and as a result of a previous Air Force study contract. Hence,

3



data sought through the survey were largely data which had become

available since the previous survey. Although all the data identi-

fied through the survey were not obtained, efforts to acquire those

data deemed most relevant to the program were highly successful.

The following paragraphs outline the approach used in each case.

2.1.1 Approach for Contractor and Government Agency Data

As an initial step in the data survey, an official govern-

ment letter was prepared jointly by the Air Force technical monitor

and contractor personnel. This letter was forwarded to selected

industry and government organizations which were thought to

possess or have control of useful technical data. This correspondence

defined the origin, objectives, and benefits of the program and

requested voluntary participation of the recipient organization

in the program. Each recipient was also requested to identify

" I available extdrnal store-aircraft data by completing and for-

warding an enclosed survey questionnaire. The questionnaire,

which had been prepared by contractor personnel, listed categories

which could be used to generally define the applicable data

from any document.

As these completed questionnaires were received by
the contractor# all information entered on the questionnaire

was reviewed. The described documents were checked against the

files of the existing VSD external stores data bank to avoid

duplications, and decisions were made as to the specific applica-

bility of the listed data to the study. When priority data were

recognized, a follow-up contact was made to the questionnaire

respondee to arrange a review of the desired information.'

In some cases, personal visits were arranged to inspect the data

and permit detailed data evaluation. These follow-up visitsI were essential to the survey as they provided a forum for exchanging

ideas, defined the specific data that existed and could be made

available, and outlined available avenues for obtaining data

release. In those instances where it was practical, follow-up



contacts were made by telephone to discuss the available data

and arrange for data transfer'al.

A response was obtained from essentially every Navy

and.Air Force organization receiving the data questionnaire.

Completed questionnaires were also received from most airframe

and weapon contractors who were contacted. Subsection 2.2 lists

all private and government'agencies contacted during the survey

that responded with an expressed intent to participate in the

data survey.

2.1.2 Approach to Aircraft/Weapon System Ptogram Offices

Personal visits or telephone contacts within si.lect

major aircraft/weapon system program offices werermade by contractor

personnel in conjunction with the survey. These contacts were

especially fruitful since numerous technical references and

related literature were normally revealed for a particular aircraft/

weapon system. The volume of technical data available at a

given project office was found to be directly pr6portional to how

recent the aircraft had been in production. While many refer-

ences were not found on file at a given project office, Many were

obtainable through other sources such as the DDC or NASA technical

libraries or the originating private contractor.. In general,

a high degree of cooperation was exhibited by the project offices.

This cooperation was evident not only in providing data references

but also by identifying cognizant individuals within the program

offices and/or the industrial facilities through which refer-

ences' might be made available or additional data identified.

2.1.3 Technical Literature Searches

Extensive use was made of the standard Defense Docu-

mentation -Center (DDC) and National Aeronautics and Space Admini-

stration (NASA) technical literature libraries, Specific re-

quests were made for technical bibliographies covering the period

5



since the previous data survey ty the contractor. In. this manner-,

jiteratui thich had been geerated since the last survey couid be

reviewed with 'little redundancy in effort. In addition, other tech-

nical bibliogzaphies on the subject were acquired and screened

and specific reports acquired. Many of the documents which were

requested and found to be directly applicable to the program
would not have been identified through the various other apprcaches.
Hence, although time-consuming and tedious, this approach proved

highly useful in the identification of pertinent documents.

2.2 AGENCIES CONTACTED IN SURVEY

Selection of both industry and government agenciesK for the technical data survey was based upon past activities of

these organizations in the subject technical area. All facilitie'

which received questionnaires and provided useful data are

listed below. ,Degree and temperament of the articipation

varied widely, and all efforts pelformed by the participating

facilities were on an entirely voluntary basis, i.e,., completion

of the survey questionnaire, the data coordination activity,

and duplication and: forwarding of the data.

2.2.1 Air Force Facilities

9 Arnold Engineering Development Center

* Edwards Air Force Base

* Eglin Air Force Base

o Wright-Patterson Air Force Base

2.2.2 Navy Facilities

0* Naval Air Development Center

& Naval Air Systems Command

0 Waval Air Test Center

SNaval Missile Center

0 Naval Ordnance Laboratory

" Naval Ship Research and Developm nt Center

6



* Naval Weapons Center

[1|! * Naval Weapons :Laboratory

S2.2.3 Other Government Facilities

* NASA - Ams Research CenterLK *NASA -Langley Research Center

2.2.4 Industry Facilities

- Aerojet Ordnance and Manufacturing Company

* Beech Aircraft Corporation

* The Boeing, Company - Seattle

* The Boeing Company - Wichita

e Calspan Corporation

* Cessna Aircraft Corporation

* EDO Corporation '
* Fairchild-Fairchild Republic Division

* Flight Systems Inc.

* FMC Corporation

* General Dynamics - Convair Division

* General Dynamics - Electro Dynamic Division

• Goodyear Aerospace Corporation

H Honeywell, Inc. - Ordnance Division

* Hughes Aircraft Company - Missile Systems Division

* Lockheed - California Company

* Martin Marietta Aerospace - Ordnance Division

* McDonnell Douglas Corporation-McDonnell Aircraft Company

a Xielsen Engineering

. Northrup Corporation - Aircraft Division

9- Rockwell International - B-1 Division

a Rockwell International - Missile System Division

a Sanders Associates Inc.

* Sandia Corporation - Sandia Laboratories

* Sargent-Fletcher Company

7



e Teledyne Ryan Aeronautical Company

* Westinghouse Electric Corporation

4 2.3 NATURE OF DATA SOLICITED

Aerodynamic data and information,, as summarized in this
subsection, were requested to support the study. The desired dut.a

involved stores and store installations and parent aircraft.

This information could generally be classified in three broad

categories: -experimental data, exxstihg pfedictikon method-s afid
data correlations, and related literature on the subject. A

further breakdown of' the experimental data includes aerodynamic

force and moment data, both wind tunnel and inflight, and flow

field information. The aerodynamic force and moment data includt-
,,JI!those obtained for individual stores, racks,*pylons, oraircraft,,

such that airloads on individual installed stores can be defined .

Free-stream store data were also sought to be used as a bas e in

isolating store-aircraft interference effects. Data for all

I'types of store loading arrangements were solicited,. These in-
cluded data for stores mounted singly or on ME or TER racks,

single and multiple rail launchers, conformal pallets, etc.,

on both wing and fuselage stations.

Techniques capable of predicting airload components

for stores carried in the flow field of aircraft were also soliicited.
In general, these prediction techniques were found to be limited

in application. However, most techniques present an approach

to the treatment of certain parameters which are considered

primary independent variables influencing the store airloads.

These include such parameters as aircraft attitude and flight

condition, store geometry, location and installation, and adjacent

interference. Hence, these correlation and prediction techniques

were a useful aid in the formulation of the general predictioi

method.

8
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2.h SURVEY RESULTS

' ! The data survey resulted in the acquisition of a considerable

amount of data pertaining to stores and store installations which were

not ih the original contractor data bank. Much of the experimental data

acquired provides total aircraft airloads due to the combined aircraft-

store configuration, While useful in. determining -general st6i6eTf s,

it is difficult to isolate individual store or store installation air-

loads from these date. Extensive individual store and store installation

airloads data were found to Oxist on the A-T, F-As, and F-ill aircraft.

The majority of data on these aircraft eonsists of metric store and

[I metric pylon airloads where a balance mounted internal to the store or

pylon instal]atioA measures the applied aerodyntamic forces and moments.

Other aircraft for which store airloads ,have been acquired are the A-4,

A-6, F-5, F-86, F-105, F-100 as defined in the bibliography index of

Appendix A and various wing-fuselage combinations.

Included in Appendix A is a bibliography of the literature

acquired having specific application to this study. All reports

originating from both contractors and government agencies obtained

during the survey effort are included in the bibliography.

An index to the bibliography is also included in Appendix A,

Tables A-2 through A-17. The index enables the reader to rapidly

establish the general type and range of dataiavailable for a given
aircraft-store type. Free-stream store, rack, and/or pylon airload data

are also defined in the index. Table A-i simplifies the use of the index

by defining the respective table and page number containing data on a

given aircraft and/or store type. In compiling the index, an effort was

also made to emphasize data having higher general interest and/or usage,

such as airload prediction methods, bibliographies, flow field data, etc.

The following summary observations are made concerning the

specific flight condition and geometry variables encompassed by the

survey data and the general nature of the data. The significance of

these observations is best realized when it is explained that the

developed prediction capability for a given variable and the selicted

9
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conditions/configar ations for wind tunnel testing are a direct

function of the available data quantity and quality.

2.14.1 Mach Number

number range was generally acquired with lesser quantities being

available for the supersonic region. The majority of acquired data

defines airloads in the subsonic flight regime. In the supersonic
flight regime data are generally limited to single store carriage
installations; however, substantial multiple store installation data

were obtained well into the transonic region. F-4 nd F-i1l store

airloads data comprise the majority of the supersonic datai The

available A-7 store airloads data are limited to subsonic and transonic

flight although considerable A-7 supersonic data were acquired in wind

tunnel tests conducted as part of this study.

2.4.2 Store and Store Installation Type

Store and store installation airloads- were acquired for a

variety of store types. However, there has not been a great quantity of

data acquired for any one store type mounted on various aircraft4 These

data are necessary to isolate the effects of certain variables, or at

least to remove the variance in store geometry as an independent vri-

able. Data were not obtained through the survey effort for many ]'light

A conditions, loading arrangements, and geometric parameters. In mdriy

cases, only limited data exist. A review of the bibliography index of
Appendix A for each aircraft type will provide a more detailed insight

into the extent of data available for a given store. Considerable

free-stream store aerodynamic data were also obtained which were useful

in isolating aircraft/store interference effects.

In regard to store installation type, the bulk of the data

acquired consisted of wing pylon singly and multiply carried stores.

Limited data are available on fuselage mounted installations, including

multiple and singly carried stores, both tangent and pylon mounted.

10
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Sparse data exist for TER, wing ti ,mounted,. fuselage semi-submerged,

.iing tangent and semi-submerged, and conformal! store installations.

2.4.43 Data 'Orjjiifr

Wind tunnel data comprised most of the acquired data while

I inflight data were mainly for total aircraft drag. Inessentially

every case where ihflight data were located, the originator(s)

voiced concern over the validity of the data due to irregularities

stemming from erratic instrumentation readouts and difficulties

in controlling the flight conditions.

I i1J
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SECTION III

WIND TUNNEL TEST PROGRAM

Early in the study planning it was recognized that sufficient

airloads data did not exist for devei6ping the prediction technique5

from empirical correlations. Also, It was impractical to expect that

data accumulated from the varied sources would be thorough enough to

establish predictable trends foi all triority variables whose ccistri-

bUtions collectively constitute captive store airloads. The prac 'ical

Solution seemed to be to compile all available airloads data, review

these data to identify voids where additional data were needed, and

'then perform a wind tuhfiel test program to acquire complementary air-

loads data through a systematic testing approach. The contractor pc.,:-

sessed unique wind tunnel model instrumentation and hardware -apahlu

of acquiring extensive store airloads data in a single test run. vMuch

of the model hardware needed to test a wide variation of instrumente,'

store arrangements was already available for high speed testing. It

was decided to adapt this hardware to existing F-h and A-7 wina tun-

nel models for a test program which would technically and econom-.aljy

satisfy the current study needs. The following subsections de'_ ribe

the test program and include a description of test hardware, test

variables encompassed, and related test preparations.

S .3.1 PROGRAM DESCRIPIION AND TEST CAPABILITIES

The wind tunnel test program consisted of instrumenting both

the A-7 and F-h 0.05 scale aircraft models to measure individual store

airloads for both single carriage and multiple carriage stores. In

addition, the A-7 parent aircraft model was instrumented to obtain

six-component aircraft force and moment data simultaneously with the

instrumented store data.

Two types of internal strain gage balances were employed

during the test program to obtain individual store aerodynamic force

and moment data, depending upon whether the stores are mounted on

single or multiple carriage racks. The five-component VSB-12 series

balances (excludes drag) were used on both F-4 and A-7 test, programs

12



to obtain multiple carriage store airloads'data. The instrumented

MER is designed to carry six of theserbalanCes simultaneously, one on

each of the six MER stations. Data were obtained at all six MR

stations continuously during a run. The M117 (MAU-103A/B fin) and

BLU-lC/B (finned and unfinned) firebomb stores -were utilized in ob-

taining multiple carriage rack airloads. Instrumented multiple car-

riage racks were capable of being tested on all right-hand wing store

stations and on fuselage centerline store stations on both the A-7

and F-4 -aircraft models, The instrumented MER/store/balance arrange!-

ment is illustrated 'n Figure 1. The six-component VHB-7 series

balances were used on both aircraft models to obtain individual store

airloads for the single carriage rtores. The 300-gallon fuel tank and

the Walleye (AGM-62A) store models were used to obtain the ingle

carriage airloads. Instrumented single carriage stores had the cap-

ability of being mounted at any wing -store station on both the 'A-7

and F-4 miodels. Figure 2 illustrates the single/store/balance!hard-

vare arrangement while Figure 3 depicts a typical multiple carriage

test configuration. Figure 4 provides a summary description of in-

strumented single and multiple store testing capabilities.

Two Ided test capabilities which are not obvious from

-' igure I4 were iot originally proposed although they were strongly

desired for the program. One &f these permits a +12 inch

(full scale) longitudinal shift relative to the pylon, in the

instrumented F-4 single carriage store position, for both inboard

and outboard wing pylon stations. This capability provided addi-

tional parametric-%.ype store airloads data for the 300-gallon

tank and Walleye stores by providing captive airlioads data atSieveral chordwise positions. These data were highly valuable to

the technique development. Development of the longitudinal shift

capability was achieved through a minor innovation of hardware

originally proposed and reflected no increase in program cost. The

second added capability permitted evaluation of the effects of

varying store nose shape for the 300-gallon tank singl.'e store and

the MI7 multiple store. Two basic shapes in addition to -the

standard nose shape for each store were .mAde available to add the

13

5' 7 C



capability of vtirying the nose bluntness of each store. In general,

the adapter. ;.. ; ided a hemispherical no3e shape and an ogive shape

different from tha of the standard nose shape for each store type.

I All multiple carriage store airloads data for the wind tunnel test

program were obtained using an instrumented MER since no instrumented

TER had-are currently exists.

3.2 .bEST VARIABLES

Any prediction technique derived through an empirical

correlation of data requires an adequate data base to be meaningful.

The data base must cover the, range of variables that dominate captive

store, airloads. These dominant parameters include store configuration,

store spanwise, chordwise, and vertical position, aircraft configuration

(wing sweep angle, high/low wing, etc.), aircraft attitude, and f'light

conditions.

!any of the variables examined during the %ind tunnel test

program having to do with aircraft/store configuration effects were

included, in the discussion 6r, test capabilities above (store nose

bluntnew, 5 aircraft type, chordwise position, spanwise position, etc.).

Remaining ,ari-ables include the range of flight conditions tested. The

Mach. number range for single cariage configurations varied froh 0.>
to 2.0 with data obtained speckicarlly at M = 0.5, 0.7, 0.9, 1.05,

1.2, 1.6, and 2.0. The Mach number range for multiple carriage con-

figurations varied from'0'.5 to 1.6 with data obtained at the same Mach
numbers as single carriage excluding'-'ch 2.0. Difficulties were

encountered with model dynamics when testing multiple carriage configura-

tions at Mach 2.0; there!fore, this higher Mach number was deleted from

the test program. The anile of attack range for all test data varied

from,-4 to +12 degrees ,while the ,yaw angle range varied fio0m -8 to +8

degrees in four degree increments.
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SECTION IV

* ! PREDICTION TECHNIQUE

Development of the prediction technique was approached as

an empirical correlation of existing airloads data combined with the

parametric-type wind tunnel data obtained from tests conducted as

part of this program to complement the existing data.

The question of how to correlate these data into a predic-

tion method that is both simple and accurate was,6ahswerea by Prelim-

inary comparisons of captive and isolated store data. Aerodynamic

characteristics of the captive stores were observed to possesses Imuch of

the same linear nature as isolated stores. The captiVe side force

characteristics are presented in Figure 6 for the same store whose

isolated characteristics are shown in Figure 5. The linear approxi-"

mation is indicated in each figure by a dashed line and is an ade-

quate representation of the actual quasi-linear data. This linear

characteristic found in most of the data greatly simplifies the

mathematical expressions needed. Unfortunately the quasi-linear

relationship displayed by the captive side force component does not

extend to all components for the angle of attack range desired for

the prediction technique (-4/12 degrees). The captive yawing moment

component for the subject store is presented in Figure 7 along with

the linear approximation covering the largest portion of the desired

angle of attack range. As shown in the figure, iignificant errors

wIll result using the linear approximation above approximately 8 de-

grees angle of attack. Even so, there is a linear region to repre-

sent a significant part of the aircraft's flight envelope, and the

advantAges of using the linear approximation for each component far

outweigh the disadvantage of some loss in accuracy in a portion of

the desired angle of attack range. The user should be aware that if

the isolated aerodynamic characteristics of the store are non-linear

in nature, then he should expect this non-linearity to be found in

the captive airloads. The advantages of linearizing the data base

are (1) a simple representation of the component airload by a y=mx + b

type equation; (2') a major variable, aircraft angle of. attack, is

19
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built into the mathematical ccmponent airload representation; and (3)

the resulting prediction equatipns should have a simple linear form.

As a result,,; the data base was linearized so that each airload com-

ponent could be expressed as a slope (force or momeit as a function

of angle, of attack) and an intercept at zero angle of attack. As a

result of the linearized data base, all predictions are accomplished

in the form of a predicted slope and intercept for each of the air-

load components. Because of increasing non-linearity at the larger

aLircrstt angles of attack and yaw angles, significant errors are

likely outside the range of applicability stated earlier for these

variables. A sudary of nominal method accuracy and the angle of

attack range for best accuracy -for each of the airload components is

pre jented in Section V.
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Figure 6. Captive Store Side Force Characteristics
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Figure 7. Captive Store Yawing Moment Characteridtics.
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4.1 BASIC'APPROACH

A theoretical method must reiy on mathematical descriptions of

the aircraft components, pylons, racks, and stores to implement

potential flow solutions of the store airloads. Any corrections for
viscous effects must be handled separately. An empirical method
allows much simplification to that approach. The basic approach
used in this method applies the concept that captive airloads are

the result of a free-stream flow plus the interference effects.

In this way, work that ha been previously accomplished for free-

stream aerodynamic predictions can be used as a base on which to *

relate captiv airloads. This permits :he prediction proceddire
t) be a summation process as indicated below.

Captive Store Airloads = Isolated Store Airloads

+ Interference Effects

Applying the summation approach to -interferehce increments

depends first on airloads for some base configuration. Corrections

can then be added to these initial airloads to account fo- dif-

ferences between the base configuration and the desired configuration;

Predicting these initial airloads is called the initial prediction.
It involves assuwnig the store is in the flow field of a base wing

with 450 sweep and install6d at a specific spanwise, chordwi86,

and vertical location. The next ste. is to obtain a final prediction,

by applying empirically, derived corrections to the initial prediction
to compensate for aircraft configuration differences and to account

for the effects of the store being in the desirdd spanwise, chordwise,

and vertical location.

This approach was used in correlating the experimental

data to develop the prediction method presented here. Correlations

toidentify airloads for the base configuration implement the
initial predictloh procedure and were basic to the entire development

process. These correlations were performed with M=Q.5 data to

I2
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avoid the increased complexity of comp;essible flow corrections and

shock-induced effects. This is the lowest Mach number of the test

data from the wind tunnel tests, of this program. Because compressibility

,effects are normally small at speeds below M=0.5, the method is

considered valid for low subsonic speeds without Mach number correc'LionS.

Correlations of the data to identify corrections needed

to account for Mach number and configuration differences were

much more difficult than those for the base data. This greatcr

difficulty results from the many-T factors which contribut-e to the

aerodynamic differences between the Various store installation

configurations. tome of these factors 'are the' reason rigorous

mathematical solutions are not yet practical for prediction
purposes on many installations, particularly for multiple carriage

racks. Fortunately, experimental data indicate that some of thece

differences are either small or compensating so that empirical

xpressions are possible without including terms which evaluate

each contributing parameter. A method has been developed by

using the available data to establish predictable trends,and these

trends are expressed mathematically. The various terms in the

prediction equations have been evaluated from the data correlation

so that a complete method, with equations and the supporting

figures, is presented in Volume II, Book 1 of this report.

A To apply the method, the initial prediction of captive air-

loads is always made first at M=0.5 by assuming the store is inserted

into the flow field of the base wing (450 sweep). The initial prediction is

made- for the basic airload case (i.e., the captive store airload genera-

ted by a zero-yaw pitch excursion of the parent aircraft). The incre-

mental captive airloads due to aircraft yaw and the effects of adjacent

store interference are predicted as increments to be added to the basic

airload. The effects of Mach number are treated as an increment to be

added to the prediction at M=0.5. At a particular Mach number the total

captive airload experienced by .-tore can be obtained from -the following

generalized- coefficient expression:
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'1 1 I,
= C + ACx" + AC

TOTAL BASIC iNTF

I, where:

x - y, n, N, v, A, I representing side ,force,

yawing, moment, normal force, pitching moment,

axial force, and rolling moment, respectively.

C - Basic captive airload generated by a zero yaw

BASIC pitch excursion of the parent aircraft.

C - Incremental airload due to aircraft yaw per degree:1 store yaw angle, 8.

B -Store yaw angle equal to A/C for a right wing
store installation and "$A/C for a left wing

<store installation.

AC - Incremental airload due to the effects of
fNTF adjacent store interference.

In summary, the total captive airload experienced by a

store can be calculated by incrementing the isolated store aerodynamic

F characteristics through the initial prediction summation procedure

I for the base wing (450 sweep), applying empirical corrections

to arrive at the final prediction for the subject wing, and

using the generalized coefficient expression above to sum the

major contributions to the installed airload.

4.2 PREDICTION EQUATIONS

The variables used in deriving the final prediction

equations for both' single and multiple carriage configurations

were essentially the same. These variables accounted for store

configuration characteristics (both physical and aerodynamic); store

In spanwise, chordwise, and vertical location in the aircraft flow-field;

25



the interference effect of the aircraft fuselage and adjacenL stores;

parent aircraft attitude (pitch and yaw); and Mach number.

As a result of the similarities in the equation forms, only

the single carriage M=0.5 prediction equations are presented and dis-

cussed here. The intent is to describe typical procedures used in de-

veloping the prediction method, leaving detai].s.for user instructions

to the ,handbook presented in Voltie II of this report. The single

carriage prediction equations (for slope and intercept) are presented

in chart fori 'for each of the six airload components in Figure 8. An

attempt ,has b.en made throughout this report to define nomenclature asII
it i. ;introduced in the text. However, Figure 8 introduces ,any sym-

bols not discussed in detail in the text. The definitions of tnese

symbols can be found in the list of symbols in Volume I! , Books 2 and

3 of this report.

'Consider the side force slope prediction equation fr.,m

Figure 8a.

ff K0 ()F K KI FK ZKAq_/a C SF ql KnINTF A 1AKK

PED ISOC

The initial term, K ),in the above equation it. the

initial prediction discussed in Subsection 4.1. The remaining factocs

are empirical corrections to the initial prediction tc compensate for

the effects of the parameters previously mentioned in this section.

The first empirical correction term, K , is a factor tc

compensate for the spanwise position of the subject store. This

factor was derived from three independent data sources, all of

which were contained in the data base consisting of the survey data

and the wind tunnel test data. In order to derive a spanwise correction

factor, it is desirable to have captive airloads data for several store

types on all wing pylons on as many parent aircraft as possible. Two of

the previousl mentioned data sources came from the survey data. One

source, Referenbe 2, iontained the BULLPUP A Missile on F-Is inboard and

outboard ,ing pylons. A second- :source, Reference 1, caze o tche
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test program in which the 300-gallon tank and Walleye stores,#

were tested on all wing pylons of both the A-i7 and F-h aircraft.

The third and final data source was a flow-field investigation
Of a wing-body combination at low subsonic speeds reported in

rteference 3. The flow-field investigation reported flow angularities,
both in the lateral and vertical planes for semi-span stations

n=.25, .50, and .75 for a number of chordwise and vertical

locations beneath the test wing. Radioing the sidewash flow

angularities from the flow-field data, assuming the mid-semispan

position, n=0.5, as the base, the solid curve in Figure 9, was

derived. Through a similar analysis the data points represented

by symbols were derived as also shown in Figure 6. Hence, from

three independent data sources, essentially the same spanwise

trends vere-obtained for single carriage side force slope.

The final curve presented in the handbook (Book 2 of Volume II)

for his term is basically the average of the solid curve a# the

data points shown in Figure 9.

The next empirically derived correctionto the initial

prediction is the factor K INTF This term accounts -for the

interference effect of the fuselage on the captive store side

force slope for high-wing aircraft. The presence of the fuselage

near the installed store prevents the full development of a

sidewash flow field and, therefore, modifies the spanwise trends

established earlier.

The term KL/C is an empirical factor based on the length

of the store divided by the local aircraft wing chord. In addition

to the chordwise location, of the captive store, this factor gives

an indication of the amount of the store contained in the non-

uniform wing flow field.

- The next term K., in the side force slope equation is a factor

to :account for pylon height variation. Sidewash angularity beneath

27
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a swept wing is 'strongest near the wing surface and decays to zero at

some~distance, oiA the order of a local wing chord length, beheath the

wing. Experimental flow field data indicate that the decay is expon-

entially shaped. Other investigators (P.eference 4 have developed an

empirical pylon height correction factor for side "orce slope which is

presented in Figure 10 as a function of vertical distance beneath the

wing surface to the store longitudinal: axis. Figure 10 presents the

pylon height correction factor for side force slope developed from the

present study for comparatives purposes and is presented as a function

of Vertical displac'ement. from the wing iower surface to the pylon

rack mid-lug puint. The expohentdial variation with pylon height is

apparent in both cases.

The final empirical factor, KA , is. a first-order correction-

for aircraft wing sweep aiigle, TI'he factor is defined as sin A/hifn ABASE

where A is the quarter chord sweep of the subject aircraft wing. The

base sweep angle, ABASE, for this factor is 450 since the initial

prediction discussed in Subsection 4.1 was* made for a base wing with 1450

sweep angle. This factor has been suggested by vsejeral ttoru
aco g ~ se invesgr

3 including those. of Reference, 14 and is adequate for wing sweep angles

that do not vary significantly froi the base wing sweep 45°),. For

this reason the range of sweep angles for which the technique is

recommended is limited to quarter chord sw4eep angles between 30 and 60

degrees.

The discussion in this section has been limited primarily to

-those empirical factors pertaining specifically to the single carriage,

side force slope prediction for M0-5. Inspection of the other equations

given in Figure 8 shows the large number of other factors that were

evaluated to complete the single carriage case at M=0.5. Because of

the similarity in approaches used and the results produced for all

factors, descriptions of the remaining terms are not discussed here

since they are described in detail in the handbook (Volume II of this

document). 1
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hL. 3 MACH NUMBER EFFECTS

Extension of the M=0.5 prediction to other Mach humbers,

is accomplished by predicting the incremental slope and intercept

corrections to account for Mach number differences. This concept

is illustrated for side force slope by the fol-lowing expression?

(Sa =/Fcc + S

M=x PRED M=x

where:

(2F) - Side force slope predicted at M=0.5
PRED.

\'q a - Increment in side force slope at M=X.

M=x

There is sufficient similarity in the variation of these corrections

with Mach numter to use a common approach in accounting for these ef-
fects. A generalized curve depicting the side force slope variation

with Mach number is given by Figure ii.

ISF

PREDI

0.5 M0  M1  M2

Mach ±4umber

Figure ll.. Side Force Slope - Generalized Mach Number Variation

33



The slope variation with Mach number was approximated ,y a

seriis of linear segments with break points occurring at Mach numbers

defined by MO, MI, and M . The var.lation of the Mach break points were

correlated 'as a function of local aircraft wing chord as shown in

Figure 12 for the generalized case. M 0 shown in Figure 11, is the0 ,

Mach number where the slope initially deviated from the slope predicted

at M=0.5i EquatiOns were then developed to predict the incremental

slope change from that predicted at M=0.5 for each of the remaining

Mach break points (MI, M2, etc.). These equations were, developed by

correlating the increment obtained for configurations in the data base

using various combinations of parameters. The combinations of

parameters that correlated the increments often would Vary in different

portions of the Mach number range of interest, i.e., the parameters

that correlated the' increments in the subsonic flow regime often

did not work in the transonic or supersonic regions. However, this

was not surprising due to the Vastly different flow fields experienced

by the store in these-Mach regimes.

An example of the resulting Mach number variation using

linear segments is illustrated for a Walleye carried on the A-7

outboard pylon in ,Figure 13.

Corrections determined for each Mach break to predict the

incremental ,slope or intercept changes apply only at the specific Mach

number break determined from a figure similar to Figure 12. At Mach

numbers between these specific break points, linear interpolation is

used to calculate the increment at the desired Mach number.
The approach discussed here was used to predict the

'Mach number trends for most airload components for both single

and multiple carriage configurations. However, a few exceptions

occurred where this approach failed to correlate the Mach number

variations. Where these cLsti- occurred, the airloa&- variation was

plotted as a function of iircraft/store geometric parameters for

the constant Mach numbers tested ,in the idind tunnel program;
therefore, linear interpolation should be used between the Mach

numbers discretely resented.
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SECTION V

1i ASSESSMENT OF APPLICABILITY AND ACCURACY
OF IHE PREDICTION METHOD

SIn undertaking this research program, there was some

question regarding the degree of success that could be expected

from a data correlation approach to developing a store airloads

prediction technique. Experience in developing other empirical

methods gave reasonable assurance tttat a method was possible;

However, the goal for this program was a method that was easy to

use and would provide sufficient accuracies to make the predictionsii suitable for preliminary design purposes. The results indicate
that this goal was achieved. One of the important factors influencing

these results was the quantity and quality of data used in the

correlation. Because of the limited data obtained in the survey,

the wind tunnel data produced as part of the program made possible

the versatility which was accomplished.

Simplicity was achieved in the sense that there are no

complicated steps required to apply the method. There are many

factors to be evaluated, but the process is outlined in a systematic

sequence of simple steps. Because there are numerous calculations

required for a complete prediction of six component airloads for

multiple store installations, computerization of the method for

-I. practical applications appears appropriate.

The method has a wide range of applications and capabilities.

The method is capable of predicting the captive airloads for

single carriage and multiple carriage store configuratibns for a

generalized aircraft including the basic airload (that airload

generated by a zero-yaw pitch excursion of the parent aircraft)

and the incracental airloads due to aircraft yaw and adjacent

store interference. Establishing absolute limits of applicability
is difficult since this is often a function of the 'ccuracy that

is acceptable. Recommended limits are submitted and sufficient

data are presented to implement the method for those limits.

Applications beyond the stated limits will normally mean a deeay

in accuracy.
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The single carriage method is valid over the Mach number

range from 0.5 to 2.0 while the multiple zarriage Mach number range

varies from 0.5 to 1.6. Both singleand multiple carriage prediction

techniques are valid over the angle of attack range of -4 to +12 de-

grees' and the aircraft yaw angle range of -8 to +8 degrees although

-best accuracy for the increments due to aircraft yaw are for the

range -4 to +4 degrees. The aircraft wing sweep angle (quarter

chord) range of validity is from 30 to 60 degrees although the

•method cantbe, applied to a wider sweep angle range (say, 20 to 70:

degrees) with decreased accuracy. The method is applicable to

all wing/pylon and fuselage centerline carriage configurations.

It is not intended for fuselage configurations off the centerline

nor to semi-submerged or conformal carriage.

An assessment of the accuracy of the method has been
conducted through comparisons with the data base used in the

technique development. The first accuracy check, and possibly

the most meaningful, was a comparison of predicted values of

individual airload components with the linearized represen-

tation of the data obtained, from the test of that configur-

aticn in the wind tunnel. This check is meaningful because

accurate linearized representations, like those shown in

. I Figures 5 and 6, are adequate for most engineering appli-

cations. Wind tunnel tests for airloads data can often be

avoided if this type prediction has sufficient accuracy. The

accuracy comparisons with the linearized data base indicate that

all components for both single and multiple carriage configurations

are nominally within +10 percent of base value.

Additional comparisons were made to check predicted

values with specific data points. This check includes the
effects of scatter in the wind tunnel data which is not necessarily

a true test of the method. However,, it does indicate something

of the data non-linearity effects on accuracy. Comparisons with

the experimental data base, accounting for these -existing nonn

linearities, are summarized in Table 1.
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TABLE 1. SUMMARY OF NOMINAL METHOD ACCURACIES

,Nominal a Range, Degrees
Accuracy(%) for Best Accuracy

Airload Component Single Multiple Single Multiple

Side Force ±15 ±15 0/10 -4/8

Yawing Moment ±20 ±20 -4/6* -4/8

Normal Force ±15 ±15 0/10 -4/8

Pitching Moment ±20 ±20 -4/12 -h/8

Rolling Moment ±15 ±10 -14/12 -4/12

Axial Force ±10 ±10 -4/12 -4/12

* -4/8 degrees if L/C S .8, L is store length and C is the local wing

4chord.
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Index (F2H, F3D, F3H, M,. F5D, F7(U, F9F, FIOF) . .. . 74

A- 14  Miscellaneous Aircraft-Store Data Index . . . ........ 76

A-15 Wing-Stores (without Fuselage) Data Index . ... .. 88

A-16 General Reports - Store Data Index
(Bibliographies, Prediction Methods, etc.) .9...... 89

A-17 Isolated Stores, Racks, and Pylons Data Index 94

Symbo1 Notation:

A - Aircraft with Installed Stores-

P - Pylon

R- Rack

S - Store

X - Applicable
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